Abstract: Wall-flow particulate filters are a required emission control device to abate diesel emission in order to comply with current regulations. DPFs (diesel particulate filters) are characterized by high filtration efficiency-but in order to avoid deterioration of power and performance, they are required to cause low values of backpressure. The periodical oxidation of collected particle allows for the reestablishment of the ideal flow conditions. Studies highlighted that the regeneration event has an important impact on engine emission, since it is responsible for the emission of a large number of smaller particles. From these considerations, the importance of optimizing the DPF management for what concerns both filtration and regeneration mechanisms arises. The present paper focuses on the loading process of the filter. A filtration model was implemented, based on the 'unit-collector' and fluid-dynamic approaches, known as valid modelling techniques. The model was used to predict trapped mass and filter backpressure evolution with time during loading processes, in which soot particle sizes varied, with the aim to analyze how particulate size affects the filter pressure drop rise. A wall-flow filter was investigated, and the behavior of clean material was evaluated by a parametric analysis in which particle diameter varies in the filed 20-1000 nm, that is the typical range of soot sizes in diesel engine exhaust. The results demonstrate that soot size has a great influence on the initial deep bed loading process. Moreover, it defines the value from which the linear pressure drop shape during cake filtration starts, not only when the initial loaded is completed, but also each time the regeneration event is concluded. This outcome provides an important guideline to define the most appropriate strategy for the initial DPF loading in order to establish the regeneration event based on the estimation of trapped mass accounting for the filter backpressure and on the time interval between two successive regeneration.
Introduction
In the past few decades, the tightening of environmental legislation has led to search new solutions and strategies to reduce particulate matter (PM) in diesel engine exhaust. Today, diesel particulate filters (DPFs) are used in diesel engine standard configuration, since it is able to ensure the homologation standards.
Wall-flow DPFs are monolithic honeycomb structures with a bundle of axial parallel channels. Channels are alternatively plugged at each end. The gas flow entering the channels is forced to pass through the porous walls where soot particles are deposited and accumulated until regeneration takes place.
DPF experimental study is often expensive and time-consuming. Literature highlights that experimental activity is mainly focused on specific topics, such as how the engine technology and operation affects the particle emission and DPF behavior during loading and regeneration [1] [2] [3] ; oxidation. Reference [25] deals with a control-oriented model for wall flow DPF, that is used for the real-time management of the regeneration process, depending on back-pressure and thermal state.
Research activities demonstrate the close relationship between filtration and regeneration mechanisms and between the filter behavior and the engine operation and suggest the importance of an optimal DPF/engine management aimed at obtaining high filtration efficiency, low values of backpressure avoiding deterioration of engine power and performance.
The motivations underlying this study are related to the relevance of particle size role on DPF loading. Soot size has a great influence on the pressure drop temporal evolution during deep bed stage. It defines the value from which the linear pressure drop shape during cake filtration starts, once the depth filtration is completed and each time the regeneration event is concluded. Since during regeneration process, particulate emissions are elevated as regards normal operation, and constitutes a challenge in complying with emissions regulations, it is important to optimize the management strategy of DPF and carefully plan the regeneration event based on the estimation of trapped mass accounting for the filter back-pressure.
From these considerations, the employment of a model able to predict the way in which the filter is loaded has a relevant role in order to select the most appropriate strategy to manage DPF. This work presents the results of a numerical investigation in which the transient behavior of a filter is analyzed aimed at highlighting the role of soot particle size on DPF loading process. The final objective is the definition of a proper loading strategy to be used in on-board applications to optimize the whole loading-regeneration working cycle of DPFs.
A model was implemented based on the widely adopted unit-collector approach to calculate local properties of the porous media during deep bed filtration and particles penetration under different condition of engine load and filtration time. Following the hierarchal nature of the issue, the unit collector model applied at microscopic length scale was coupled with a lumped parameter-1D model [8, 18, 26] in order to evaluate of the filter pressure, drop in a single-channel approach. Trapped mass gradient inside the wall and deposit growth evolution were computed by evaluating porous media permeability and soot layer weight during steady state engine operating conditions. A parametric analysis on varying particle diameter was carried out. The role of interaction between engine operative conditions in terms of particle size distribution and filter geometry was highlighted.; the results contribute to add a useful element to be used in the filter management to plan the optimal strategy of filter loading.
Numerical Models
Filter multiscale nature involves a study based on different orders of magnitude. The implemented model is based on the combination between a filtration model which is characterized by a microscopic length scale of the porous media to analyze local filtration mechanisms, and a fluid dynamic approach of the channel length scale, in which the axial growth distribution of soot layer, due to fluid dynamics phenomena is modelled.
In this study, a single channel approach [8, 18] was considered, radial flow distribution was neglected, considering the sole channel behavior representative of the entire monolith ( Figure 1 ). Channel flow is zero-dimensional: Only the axial direction is accounted for the velocity field. Additionally, the velocity gradient through the soot layer, due to its trapezoidal shape imposed by channel design, is taken into account. Research activities demonstrate the close relationship between filtration and regeneration mechanisms and between the filter behavior and the engine operation and suggest the importance of an optimal DPF/engine management aimed at obtaining high filtration efficiency, low values of backpressure avoiding deterioration of engine power and performance.
In this study, a single channel approach [8, 18] was considered, radial flow distribution was neglected, considering the sole channel behavior representative of the entire monolith ( Figure 1 ). Channel flow is zero-dimensional: Only the axial direction is accounted for the velocity field. Additionally, the velocity gradient through the soot layer, due to its trapezoidal shape imposed by channel design, is taken into account. The calculation is performed according to the subsequent steps, shown in Figure 2 . 
Filtration Model
The model has been developed based on the works of Kostandopoulos et al. [8, 10] . The granular porous material microstructure is modelled by spherical unit-collector of size b, each hosting a collector of size . Cell diameter b is linked to the porosity of medium, according to:
(1)
The collector diameter for the clean filter d is taken from a capillary model similitude, considering the pore diameter equal to mean pore diameter deduced by pore size distribution:
A single unit collector can collect particles by interception and diffusion mechanisms. Transport efficiency of Brownian diffusion mechanism is given by:
where the dimensionless Peclet number Pe is given by local interstitial velocity , unit collector dimension and particle diffusion coefficient , by
g( ) is the geometric function for the Kuwabara viscous flow through the spherical unit cell array:
 is the efficiency due to interception transport [12] , given by:
where is an dimensionless coefficient depending on porosity values, and is the interception parameter dependent on particle diameter and unit cell dimension,
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The model has been developed based on the works of Kostandopoulos et al. [8, 10] . The granular porous material microstructure is modelled by spherical unit-collector of size b, each hosting a collector of size d c . Cell diameter b is linked to the porosity of medium, according to:
The collector diameter for the clean filter d c0 is taken from a capillary model similitude, considering the pore diameter d pore equal to mean pore diameter deduced by pore size distribution:
where the dimensionless Peclet number Pe is given by local interstitial velocity Ui, unit collector dimension d c and particle diffusion coefficient D p , by
g(ε) is the geometric function for the Kuwabara viscous flow through the spherical unit cell array:
η R is the efficiency due to interception transport [12] , given by:
where s is an dimensionless coefficient depending on porosity values, and N R is the interception parameter dependent on particle diameter and unit cell dimension,
Assuming the two mechanisms to be independent of each other, the combined efficiency of single grain can be expressed as:
By considering the bulk thick porous wall in clean filter condition, its global efficiency can be written as:
where P 0 is the particle penetration inside the wall when it is not contaminated, that represents the worst percolation condition during filter lifetime:
The particulate mass trapped inside the porous medium follows a gradient that evolves during filtration time and is described by the scheme of Figure 3 , in which the porous wall is divided into slabs. Assuming the two mechanisms to be independent of each other, the combined efficiency of single grain can be expressed as:
where is the particle penetration inside the wall when it is not contaminated, that represents the worst percolation condition during filter lifetime:
The particulate mass trapped inside the porous medium follows a gradient that evolves during filtration time and is described by the scheme of Figure 3 , in which the porous wall is divided into slabs. The choice of slab thickness depends on the specific application. In this study, it has been assumed that slabs are of the same thickness, equal to cell diameter b, so that the slabs number is given by = .
(
The mass flow rate per unit collector belonging to the i-slab is ( , ) computed as the ratio between the mass flow rate that enters the slab and the cells number:
The trapped mass progressively modifies the unit cell dimension and leads to a porosity reduction along with the porous media. For each slab in which porous media was divided, the cell loading level is evaluated to determine porosity gradient inside the wall as the filtration time varies.
The bulk core dimension of the single cell is given for i-the slab by:
, ( ) The choice of slab thickness depends on the specific application. In this study, it has been assumed that slabs are of the same thickness, equal to cell diameter b, so that the slabs number is given by
The mass flow rate per unit collector belonging to the i-slab is ( . m p,i ) computed as the ratio between the mass flow rate that enters the slab and the cells number:
with
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The cell porosity is evaluated according to:
Trapped mass leads to filtration efficiency increases (void volume reduction). By considering the whole slab thickness, w slab , the captation efficiency of i-slab can be evaluated according to:
It allows the computation of the cumulated mass that is collected in the slab:
It has to be considered that not all the inlet soot mass is collected by deep filtration mechanism; an increasing portion of it is directly stored outside the wall surface and built up the soot layer. A repartition coefficient for inlet mass flow (0 ≤ ϕ ≤ 1) defines the particle probability of being captured by surface transport and adhesion mechanism. It depends on loading degree of the boundary layer between porous media and bulk flow, modelled by the first slab of porous wall, and represents the wall capacity to accept new incoming particles in relation to its saturation level.
An experimental coefficient, called percolation coefficient ψ, identifies the value of porosity in the first slab beyond which particle adhesion phenomena and layer growth are significantly overweight and surface filtration takes hold.
Starting by clean filter condition, characterized by the lowest filtration efficiency values and particles percolation conditions, pores get progressively clogged by collected soot determining an efficiency increment and a reduction of free inlet pore surface. The incoming particles close to pores inlet section deviate from the main flow stream, due to mutual agglomeration and bridging effect around pores edge, imposed by local surface shape on the microscopic length scale of the boundary layer. From these regions, the first soot layer grows up, causing cake filtration inception. During cake filtration, particulate matter directly deposits on the surface, forming an external layer that acts as a porous media and constantly renews its filtering surface.
Fluid Dynamic Model
Basing on the channel study provided by References [10, 18] , and assuming the exhaust gas as an incompressible fluid, the volumetric flow rate, Q, passing through the monolith is evaluated by summing the single channel flow rates q i passing through the inlet channels:
where A in is the inlet section surface of the single channel:
The monolith is characterized by a channel density σ, defined as the total channels number per unit surface σ = 1
In this way, the number of inlet channels is given by:
The channel inlet velocity is related to the total flow rate Q and the geometric quantities according to:
Applying Darcy's law across the porous wall for a single channel and taking into account the loss terms, due to passing flow inside the square channel in laminar condition, the total pressure drop for the clean filter is expressed as:
F = F(Re) is a loss factor for laminar flow inside the channel, k 0 is the porous medium permeability, L is the length of the monolith and V trap is its volume.
In order to take into account the progressive reduction of filtering surface, due to soot layer growth, the Darcy's law is integrated across the deposit height (t)
. (29) For highly loaded filter, the reduction of the channel inlet section is taken into account. The channel dimension α*(t) can be written in the function of layer height w(t),
and channel inlet velocity increases causing a variation of the channel loss term ∆Pin(t) compared to clean channel:
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Total pressure drop for loaded channel is equal to the sum of four loss terms:
where k soot is the permeability of particulate deposit, w(t) is its height, deduced by filtration model once cumulative surface trapped mass is known:
Porous medium permeability is given by unit collector model for each slab by:
where f (ε) is a geometric function given as follows for the Kuwabara unit cell
Simultaneous resolution of both filtration model and fluid dynamics model enables to evaluate overall filter performance on varying filtration time. For this purpose, the evaluation of approach velocity u w is needed. Appling Darcy's law over an effective porous wall taking into account both porous media and soot layer local properties the approach velocity on varying filtration time is evaluated
and k EQ is the effective permeability of the porous system. It is computed as the weighted average of slabs permeability and soot permeability where the weight is the slabs thickness and layer height as follows:
The incoming mass rate can be considered as the sum of:
where m in,1 is the inlet mass in the wall and m cake is trapped mass in the external layer. For each i-th slab, the incoming mass m in,i depends on trapped mass in previous slab s, corresponding at a defined loading level of unit cells,
For each calculation time, the trapped mass inside porous medium m porous is equal to the sum of single trapped mass in every slab
The total trapped mass in a single channel is given by the sum of the contributions in the porous medium and in the layer. It defines the filter total efficiency:
Results and Discussion
The first part of this section is devoted to present results obtained by using a filter whose specific properties are taken from literature. The presented trends aim at providing a validation of the model and at highlighting the phases characterizing the filter loading and the role of soot dimension on the loading process. The second part of this section model is devoted to present the results of an application of the model in order to point out how the particle size affects the deep filtration stage and the pressure value at the end of this phase, on which the subsequent filter working conditions depend.
The device selected to validate the model is a 100 cpsi cordierite filter (EX-47), whose geometrical and material characteristic is given in Table 1 , according to the specification found in Reference [8] . The filter is exposed to exhaust flow (0.236 Nm 3 /s at 260 • C) of a 1989 Detroit Diesel operating on steady state speed-load of 407 Nm at 1600 rpm; particulate mass flow rate for this condition is equal to 18 g/h [8] .
The particulate microstructural characteristics (Table 2) were assumed according to the experimental data provided by Konstandopoulos et al. [8] . The filter simulation was performed, taking into account a specific size of the particle (diameter equal to 100 nm), as it is the more representative of the soot emission of modern common rail diesel engines. Figure 4 shows the obtained DPF pressure drop versus the collected mass. The trace shows the typical subsequent phases of filtration process: Depth, transition, and cake stages. Depth filtration arises at the first working stages of the device. Deep filtration stage can achieve proper filtration performance, but it entails a reduction of internal pores collection surface and an exponential drop of permeability. An extensive quantitative evaluation of this stage is essential to understand the influence on the general performances of the filter. Depth filtration is characterized by a no linear increase of pressure drop, due to the modification of porosity permeability of porous material. Once the maximum packing density is reached, cake filtration occurs, that is characterized by a linear increase of pressure drop with time, caused by the growth up of soot layer on the channel wall that determines a changing flux condition, due to the inlet section narrowing and to the filtration surfaces reduction. During this stage, it is assumed that no more soot mass enters inside the porous wall.
In the plot, the obtained data are overlapped to the measured points acquired during experimental tests [27] . The very good agreement between data demonstrates the accuracy of the model in simulating very well both the deep filtration stage and the subsequent surface filtration stage, as well as the transition phase that occurs between them.
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In the plot, the obtained data are overlapped to the measured points acquired during experimental tests [27] . The very good agreement between data demonstrates the accuracy of the model in simulating very well both the deep filtration stage and the subsequent surface filtration stage, as well as the transition phase that occurs between them. Figure 5 compares modelling results and experimental data [27] concerning the temporal variation of the mass collected in the filter channels. The plot highlights the good fit between simulated data and measurements, thus showing the ability of the model to follow the evolution over time of the mass trapped in the DPF. Figure 6 shows how the collected soot mass can be subdivided into the part that is trapped in the porous medium (deep filtration) and the part that is accumulated in the cake (cake filtration).
The plot highlights that during the initial phase of filtration, most of the incoming soot particles are collected in deep filtration stage. At 1700 s, the trapped mass in porous media is equal to that one collected in the cake layer. After that time, soot layer keeps growing until it reaches the height of 88 µm.
The efficiency of clean material was evaluated by imposing a particle diameter variation in the field 20-1000 nm, which is the typical range of soot sizes of diesel engine exhaust. Figure 7 shows the dependence between the particle dimension and filter performance and highlights the coupling between soot size and filter characteristics. Figure 6 shows how the collected soot mass can be subdivided into the part that is trapped in the porous medium (deep filtration) and the part that is accumulated in the cake (cake filtration).
The efficiency of clean material was evaluated by imposing a particle diameter variation in the field 20-1000 nm, which is the typical range of soot sizes of diesel engine exhaust. Figure 7 shows the dependence between the particle dimension and filter performance and highlights the coupling between soot size and filter characteristics. The trend in the upper part of the figure highlights that the worst filtering condition is reached for the 350 nm diameter particle for which the initial collection efficiency of the device is about 0.61.
The curve was obtained by assuming that Brownian diffusion and interception are independent each other. In the bottom part of the plot, two curves are shown, one represents the efficiency obtained by accounting only for the diffusion effect; the other was obtained by considering only the interception mechanism. Their effect on soot size is opposite: As particle diameter increases, diffusion coefficient and then Brownian diffusion efficiency decreases. In the meantime, interception efficiency increases.
The evolution of material properties was simulated accounting for the variation of porosity and permeability of the porous media with time in correspondence of the progress in accumulation process; in the model, the porous medium was divided into slabs. The mass in every slab volume is computed by the local efficiency. Figure 8 shows the evolution with time of the mass accumulated into each slab (15 slabs were considered). The traces, parametrized with time (its variation is between 0 s and 3600 s, with steps of 600 s), highlight the difference in the behavior of each slab as function of the distance from the The trend in the upper part of the figure highlights that the worst filtering condition is reached for the 350 nm diameter particle for which the initial collection efficiency of the device is about 0.61.
The evolution of material properties was simulated accounting for the variation of porosity and permeability of the porous media with time in correspondence of the progress in accumulation process; in the model, the porous medium was divided into slabs. The mass in every slab volume is computed by the local efficiency. Figure 8 shows the evolution with time of the mass accumulated into each slab (15 slabs were considered). The traces, parametrized with time (its variation is between 0 s and 3600 s, with steps of 600 s), highlight the difference in the behavior of each slab as function of the distance from the interface between the porous media and the channel (the first slab is placed close to the surface, 15th slab is close to the outlet channel). It is possible to observe that soot mass mainly accumulates in the slabs located close to the interface. The correspondent variation of properties of these slabs inhibits the further mass deposition in the slabs placed close to the outlet channel. interface between the porous media and the channel (the first slab is placed close to the surface, 15th slab is close to the outlet channel). It is possible to observe that soot mass mainly accumulates in the slabs located close to the interface. The correspondent variation of properties of these slabs inhibits the further mass deposition in the slabs placed close to the outlet channel. Figures 9 and 10 show the evolution of porosity and permeability with time, respectively. The plot of Figure 9 highlights that after 2400 s all curves almost overlap in a single trace.
At the initial instant of simulation, all material is characterized by a porosity value of 48%; the first 600 s are characterized by a sharp decrease of porosity in the first slabs. After 1800 s, porosity decrease with time is less evident, and it slowly reaches the saturation limit of 22%, which corresponds to the complete filling of the volume available in the unit cell of the first slab. Figures 9 and 10 show the evolution of porosity and permeability with time, respectively. The plot of Figure 9 highlights that after 2400 s all curves almost overlap in a single trace.
At the initial instant of simulation, all material is characterized by a porosity value of 48%; the first 600 s are characterized by a sharp decrease of porosity in the first slabs. After 1800 s, porosity decrease with time is less evident, and it slowly reaches the saturation limit of 22%, which corresponds to the complete filling of the volume available in the unit cell of the first slab.
Permeability curves reproduce the porosity behavior in each slab and show how soot mainly accumulate in the slabs close to the inlet channel; slabs close to the outlet channel keep their properties almost unchanged with time.
Appl. Sci. 2019, 9, x; doi: FOR PEER REVIEW www.mdpi.com/journal/applsci Figure 8 . Collected soot mass in each slab versus time.
Figures 9 and 10 show the evolution of porosity and permeability with time, respectively. The plot of Figure 9 highlights that after 2400 s all curves almost overlap in a single trace.
Permeability curves reproduce the porosity behavior in each slab and show how soot mainly accumulate in the slabs close to the inlet channel; slabs close to the outlet channel keep their properties almost unchanged with time. Figure 9 . Evolution with the time of porosity in each slab of the porous medium.
The influence of particle size on pressure drop evolution was studied aimed at investigating if a proper process of loading could be a possible way to reduce DPF back pressure, thus allowing to increase the time interval between two subsequent regeneration events.
Filter behavior was analyzed by considering six diameters of particles 50 nm, 300 nm, 350 nm, 400 nm, 500 nm, and 1 µm. The influence of particle size on pressure drop evolution was studied aimed at investigating if a proper process of loading could be a possible way to reduce DPF back pressure, thus allowing to increase the time interval between two subsequent regeneration events.
Filter behavior was analyzed by considering six diameters of particles 50 nm, 300 nm, 350 nm, 400 nm, 500 nm, and 1 µm. The filtering efficiency was evaluated by means of the unit collector model for each size, and Figure 11 shows the obtained values. The curve exhibits two zones of high efficiency values (nano/ultrafine particles and large agglomerates) and a region of low efficiency (fine particles), in correspondence of the diameter with maximum penetration. The filtering efficiency was evaluated by means of the unit collector model for each size, and Figure 11 shows the obtained values. The curve exhibits two zones of high efficiency values (nano/ultrafine particles and large agglomerates) and a region of low efficiency (fine particles), in correspondence of the diameter with maximum penetration.
Appl. Sci. 2019, 9, x; doi: FOR PEER REVIEW www.mdpi.com/journal/applsci Figure 10 . Evolution with the time of permeability in each slab of the porous medium.
The filtering efficiency was evaluated by means of the unit collector model for each size, and Figure 11 50 nm 300 nm 350 nm 400 nm 500 nm 1000 nm Figure 11 . Filter efficiency as function of soot particle diameter. Figure 12 highlights the influence of soot particle diameter on pressure drop evolution with time.
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The filtering efficiency was evaluated by means of the unit collector model for each size, and Figure 11 shows the obtained values. The curve exhibits two zones of high efficiency values (nano/ultrafine particles and large agglomerates) and a region of low efficiency (fine particles), in correspondence of the diameter with maximum penetration. Particle dimension of 50 nm and 1000 nm let the filter porous medium rapidly reach the maximum packing density. Deep and transient stages are completed in a short time (0.5 h), and particles are then collected in cake filtration mode.
Particle diameters of 300, 350, 400 and 500 nm (characterized by lower values of efficiencies), instead, cause a slow loading of the porous medium. The saturation level of the slabs close to the inlet channel is very low for a long temporal interval, thus allowing particles to reach the deeper slab. Higher penetration of particles is allowed, thus resulting in higher values of pressure drop until the transient stage is attained. When cake filtration starts (in the range of 1.25 h and 1.5 h, depending on the soot dimension), it is characterized by a pressure drop behavior whose gradient is the same of those caused by the soot layer growth of 50 and 1000 nm particles. Figure 13 shows the evolution with time of the efficiency for the different particles sizes. Nano particles present value of efficiency of 99.9% for clean filter, and after approximately 30 min, saturation condition is reached.
Appl. Sci. 2019, 9, x; doi: FOR PEER REVIEW www.mdpi.com/journal/applsci transient stage is attained. When cake filtration starts (in the range of 1.25 h and 1.5 h, depending on the soot dimension), it is characterized by a pressure drop behavior whose gradient is the same of those caused by the soot layer growth of 50 and 1000 nm particles. Figure 13 shows the evolution with time of the efficiency for the different particles sizes. Nano particles present value of efficiency of 99.9% for clean filter, and after approximately 30 min, saturation condition is reached. The same behavior is observed for large agglomerates, whose initial efficiency for the clean filter is 93.4%. Fine particles show a value around 60% for the efficiency value at the beginning of loading process, and a longer amount of time is needed to complete the deep filtration stage.
In order to highlight the effect of such behavior on filter loading, the pressure drop trend versus the trapped mass (obtained for 50 nm, curve a, and 350 nm, curve b, as particles diameters) is shown in Figure 14 .
The transition from deep bed to cake filtration is exhibited at approximately 6 kPa for the 50 nm particles, and 9 kPa for 350 nm particles. If the regeneration process is established to start at a threshold value of 11 kPa (light blue line on the plot), it means that in case of curve b, 46 g of soot was accumulated, while 79 g of soot was trapped for curve a.
Looking at the values of time corresponding to such cumulated mass amount, it can be observed that 46 g are collected in approximately 2.6 h, while 79 g of soot is trapped in about 4.2 h.
These results contribute to add information on the loading/regeneration process, highlighting how the way in which the initial filter loading is performed affects the DPF behavior. This has consequence not only when the subsequent cake filtration stage takes place, but also after the regeneration phase, when the filter is loaded again. If the engine operates in such a way to generate smaller particles in the exhaust gas flow during the initial stage of filter use, a lower pressure drop characterizes the cake filtration phase start. This means that regeneration event may be planned after a longer period, if in the definition of regeneration is mainly affected by the pressure drop or, if the collected mass is the key parameter to set the regeneration event, it means that the engine backpressure is lower, thus enhancing the engine performance. The result can be profitably used to select the proper strategy to plan regeneration process, in order to find the best compromise between the filter back pressure and the emission of particles during the initial phase of filter loading. The same behavior is observed for large agglomerates, whose initial efficiency for the clean filter is 93.4%. Fine particles show a value around 60% for the efficiency value at the beginning of loading process, and a longer amount of time is needed to complete the deep filtration stage.
These results contribute to add information on the loading/regeneration process, highlighting how the way in which the initial filter loading is performed affects the DPF behavior. This has consequence not only when the subsequent cake filtration stage takes place, but also after the regeneration phase, when the filter is loaded again. If the engine operates in such a way to generate smaller particles in the exhaust gas flow during the initial stage of filter use, a lower pressure drop characterizes the cake filtration phase start. This means that regeneration event may be planned after a longer period, if in the definition of regeneration is mainly affected by the pressure drop or, if the collected mass is the key parameter to set the regeneration event, it means that the engine backpressure is lower, thus enhancing the engine performance. The result can be profitably used to select the proper strategy to plan regeneration process, in order to find the best compromise between the filter back pressure and the emission of particles during the initial phase of filter loading. 
Conclusions
The paper presents a numerical model that was used to investigate the influence of particle matter size on DPF loading.
The obtained results highlight that soot size has a great impact on the pressure drop temporal evolution during deep bed stage. Therefore, it defines the value from which the linear pressure drop shape during cake filtration starts. Particle matter size, thus, retains a relevant impact on the definition of the regeneration event, that is based on the estimation of trapped mass accounting for the filter back-pressure.
The final objective of this work was to use the implemented algorithm for on-board monitoring and control, in order to provide knowledge of DPF loading stage for the integrated management of powertrain and emission device aimed at obtaining high filtration efficiency, low values of backpressure avoiding deterioration of engine performance.
For this aim of this study, our activity is now being oriented towards the implementation of the model to account for the soot layer profile inside the channel and the modeling of the regeneration process. 
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